SUMMARY Neurobehavioural development of 35 infants of drug dependent mothers was compared with the development of 37 reference infants as part of a prospective longitudinal research project. Infants of drug dependent mothers had more poor responses than the other children on neurological examination. This difference is significant only when data of infants of drug dependent mothers born at full term are analysed. Two tailed testing indicated that significantly more infants of drug dependent mothers than reference children had electroencephalograms rated as suspect or abnormal. By the end of the first month the infants of drug dependent mothers tended to be more active, and they had worse scores than the reference children on the neonatal behavioural assessment scale. Analysing data only of infants born at full term, the groups differ significantly on the interactive items. The results of this study show that even after treatment for the neonatal abstinence syndrome, infants of drug dependent mothers seem to differ from comparison children, which could indicate later developmental problems.
Infants of drug dependent mothers are at risk of developmental problems because of exposure in utero to hard drugs. Infants of mothers who used heroin often have lower birth weights than normal control children and the same applies, although to a lesser degree, to infants of mothers who used methadone.1
In addition, between 60 and 95% of infants of drug dependent mothers have withdrawal symptoms that can occur up to about two weeks after birth. 2 The symptoms that form the neonatal abstinence syndrome are: symptoms of central nervous system irritability, gastrointestinal problems, respiratory problems, and symptoms affecting the autonomic nervous system.3 Treatment for the neonatal abstinence syndrome can last from a few days up to several weeks, depending on the severity of the symptoms.4 Withdrawal symptoms can recur with somewhat lesser intensity over the first six months.2 Electrophysiological tests have shown low arousal for visual stimulation, and sleep disturbances, in babies of mothers addicted to heroin and methadone.5
Infants of drug dependent mothers also seem to differ in behaviour from normal control children during the neonatal period.6 They seem to be less alert, less cuddly, and less able to respond to visual and auditory stimuli.5 7 They are also hyperactive, have extreme fluctuations of muscle tone, their motor responses are less mature, and they show more changes in behavioural states.8
Another factor threatening the prenatal as well as postnatal development of the children is the difficult life style of addicts-for example, heavy smoking, poor diet, and often the committing of illegal activities to get money.
Whether these risk factors-drug exposure during pregnancy, neonatal withdrawal problems of the infants, and specific life style of the mothers-have long term consequences on the development of these children is still unknown. In order to study long term development of infants of drug dependent mothers and to find out if they need special intervention or support, a prospective, multidisciplinary, longitudinal research project was started. The design of this study was aimed at detection of medium to large effects.9 The children were examined from birth to 6 years on physical, neurological, behavioural, and socioemotional scales.
Subjects and methods
A total of 72 children and their parents were enrolled in the study. The group of infants of drug dependent mothers comprised 35 children. Every drug dependent woman who gave birth in this 235 hospital from June 1983 to July 1985 was asked to cooperate; only three refused. The mothers had been using street drugs like heroin and cocaine, and were either already using methadone, or had started a methadone maintainance programme when they had discovered their pregnancy. The methadone dose ranged from 5-80 mg/day, and about half used more than 30 mg/day. The drugs were used in various ways, six of the women having it in--travenously. As well as using hard drugs, all the mothers in the study group had smoked cigarettes during pregnancy: about half smoked more than one pack daily, about a third smoked half to one pack daily, and about a quarter smoked four to 12 cigarettes daily. Information about the drugs used was obtained by structured interviews and checked against urine analysis, when available. The drugs used are summarised in table 1. All information is presented separately for the total group of full term and premature infants of drug dependent mothers, and for the subgroup of infants born at full term to drug dependent mothers.
Nine infants in the study group were born In general, the social circumstances of addicts are characterised by many problems varying from financial difficulties to legal problems and troubled relations with family and friends. This social background seems to be specific to addicts, and hence a useful comparison with that of other people is hard to make. Looking at several frequently studied group. In the reference group 32% of the mothers had a job, as did 88% of the fathers, compared with 6% and 19%, respectively, in the study group. Whereas only 28% of the parents in the reference group had to live on a minimum allowance, the percentage in the study group was 90. Secondary education had been completed by 76% of the mothers in the reference group and 71% of the drug dependent mothers.
The examinations started in the first week of life for the reference children, and for those in the study group after treatment of the neonatal abstinence syndrome or (in case of premature babies) at the expected time of birth. All examinations of the preterm children were done at the corrected age. For some of the infants of drug dependent mothers not all the measurements could be done because of the length of time for which they were being treated. The results of the neurological examination presented in table 5 show a difference in predominant state during the examination between the groups (p=0005); the infants of drug dependent mothers were more aroused. In addition the infants of drug dependent mothers had more poor responses than the reference children (p=0-06). When only the data about the infants born at full term to drug dependent mothers were analysed, the groups differ also on the predominant state during the examination (p=0-01) and even more clearly in the number of poor responses (p=002).
There are significant differences among the groups when electroencephalography results are *The median of deviations from the optimum is given-the larger the number, the more the deviations. tp=0 005, tp=0-01, ¶p=006, and §p=0-02 compared with reference infants. On the first neonatal behavioural assessment scale the infants of drug dependent mothers (median=2.33; range=0-33-3-83) tended to have worse scores (p=0-14) for the motor responses than the reference group (median=2O00; range=033-3.83). At the second examination the groups also tended to differ (p=0-09), specifically for the interactive (p=006) and motor responses (p=0-10) (table 6) . When the preterm infants of drug dependent mothers are left out of the analysis, a significant difference appears on the interactive responses in the second neonatal behavioural assessment scale (p=004). In this analysis the groups also differed on the total score (p=0-12) and the motor responses (p=012); neither difference was significant. No significant differences are found on the first observation of the activity of the infants; at the second examination the total group of infants of drug dependent mothers (median=3.20; range=1.60-5-00) tended to be more active than the reference group (median=3.00; range=2-00-5-00; p=0-12).
Discussion
The results show some differences in the neonatal period between the infants of drug dependent mothers and the reference children. More infants of drug dependent mothers had electroencephalograms rated as suspect or abnormal than did reference children. In addition the infants of drug dependent mothers had more aroused behavioural states as assessed by the neurological examination of Dubowitz and Dubowitz.10 They also had more poor responses on the neurological examination which particularly reflected that they had jerky movements, were easily excitable, quickly became irritated; these aspects of behaviour have been described as indications of drug withdrawal. The analysis of deviation from optimum categories did not show more subtle differences among the children.
Clusters of abnormal signs on neonatal neurological examinations may be indicators of later developmental problems but neonatal neurological examinations are also known for their high rates of 'false positives', although it is still unclear which processes are involved.18 Possibly the nervous system develops compensatory mechanisms, or signs of dysfunction are not detectable by the time of follow up. 19 With infants of drug dependent mothers, results of a neonatal examination could only indicate temporary dysfunction because of the withdrawal period the children have to go through. Although the children did not need treatment any more by the time they were examined, the influence of the neonatal abstinence syndrome is suggested by the kind of poor responses they showed, and by the fact that there was a significant difference in the number of poor responses in the neurological examination when the preterm infants of drug dependent mothers were excluded. Due to the age adjustment for these preterm infants, in general treatment for neonatal abstinence syndrome was completed longer before the examination than for the infants who were born at full term to drug dependent mothers.
The results of the observations of activity of the infants and the examinations with the neonatal behavioural assessment scale6 indicate that the groups might differ by the end of the neonatal period. When only data of infants born at full term are analysed, the interaction items of the second neonatal behavioural assessment scale show a clearer difference, which means that these infants are less clearly responding to their environment. These results suggest differences in the development of both groups during the neonatal period, which could 'have been influenced both by the drug exposure and the neonatal abstinence syndrome of the infants of drug dependent mothers, and also by their prolonged stay in the hospital resulting in different experiences when compared with the reference group. As well as the analyses presented, the results of the group of infants of drug dependent mothers-with the infants who experienced birth complications excluded-were also analysed. In this way nearly the same p values were found as in the analysis for the total group of infants of drug dependent mothers.
Contrary to the research of others5 7 8 no differences were found with the first neonatal behavioural assessment scale. One reason is that the examinations were started when the infants of drug dependent mothers no longer needed drugs which implies that they had already gone through the most serious phase of withdrawal when they were examined. Another reason could be the age difference at the time of examination. In most research with the nconatal behavioural assessment scale, infants of drug dependent mothers are examined and compared in the first week of life.
In this study the groups did not differ in gestational age (table 3) at the neonatal examinations, despite the treatment period that most of the infants of drug dependent mothers needed. Nevertheless, because the infants of drug dependent mothers had a shorter mean gestational period they were somewhat older than the reference group, when age since birth was considered.
A further possible reason for inconsistent findings in different studies of infants of drug dependent dependent pregnancy. 
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